INTRODUCTION
Spondyloarthritis (SpA) comprises a group of inflammatory chronic diseases that share similar clinical presentations, radiological findings, human leucocyte antigen (HLA) B27 association and positive family history. 1 According to the European Spondyloarthropathy Study Group (ESSG) criteria, 2 SpA has been traditionally classified as follows: ankylosing spondylitis (AS), reactive arthritis (ReA), undifferentiated SpA (uSpA), psoriatic arthritis and arthritis associated with inflammatory bowel disease (IBD). 3 Its prevalence varies from 0.1% to 1.4% of the general population depending on the geographical region studied. 4 Despite the fact that SpA tends to affect males more frequently and severely than it does females, an increasing proportion of female patients has being observed during the last decade among patients with less severe clinical manifestations. 5 Predominantly, SpA begins in
Strengths and limitations of this study
▪ Human leucocyte antigen (HLA) HLA-B15 has been associated with spondyloarthritis (SpA) and oligoarthritis in different populations. This study clearly establishes this association through a detailed analysis of the clinical and radiological aspects in a group of patients of non-Anglo-Saxon origin. ▪ In this study, conducted on a group of Latin American patients with SpA, the presence of HLA-B15 and HLA-B27 clearly influence the pattern of presentation of the disease. HLA-B15 favours a preferably peripheral pattern while HLA-B27 promotes an isolated/combined axial disease and excludes an isolated peripheral pattern. ▪ HLA-B15 should be considered in addition to HLA-B27 when diagnosing Colombian patients with SpA according to ASAS criteria. ▪ This study used the ASAS criteria in an alternating manner to discriminate the association of the disease with HLA-B27 and HLA-B15. ▪ The results of this study need to be verified in further research studies involving a larger number of patients with SpA.
individuals younger than 45 years of age and clinically compromises the axial spine, peripheral joints, tendons and ligament insertions (entheses), and also has extra musculoskeletal manifestations in the skin, mucosa, gut and the eyes. 6 HLA-B27 is the biggest risk factor for the development of SpA, and while it does have a central role in its aetiopathogenesis, the association is not the same across all ethnic groups. 7 It has been estimated that this allele is responsible for up to 28% of the aetiology of SpA. 8 However there are other factors that have an impact on the onset of the disease, such as environmental factors, and other genetic factors, including those within the major histocompatibility complex (MHC) class I-HLA-B60/HLA-B40, 9 HLA-B39, 10 HLA-B14, 11 and HLA-B15
12 -and class II-DRB1 13 -alleles. Current new technologies are allowing early diagnosis and more specific examination of disease susceptibility, such as those that look at single nucleotide polymorphisms (SNPs), genome-wide association studies and genomic resequencing, which underscore the polygenic nature of SpA. 14 15 There are more than 40 genes implicated in the pathogenesis of SpA, which may also affect the clinical manifestations, including the age of onset and the duration and severity of the disease. 16 The diagnosis of SpA is made principally based on clinical, radiological and laboratory findings. The classification currently proposed by the European League Against Rheumatism (EULAR) and the Assessment of SpondyloArthritis international Society (ASAS) shows a high sensitivity and specificity (79.5% and 83.3%, respectively). 17 18 According to these entities, SpA can have two general clinical patterns: axial and peripheral. With these two clinical patterns, there may be a genetic variability that accounts for each physical distribution. In fact, data emerging from immunopathological studies and from clinical trials suggest that the pathogenesis of axial and peripheral disease may be caused by different mechanisms influenced by genetic differences, a situation that underscores the importance of the new clinical classification criteria from ASAS for peripheral and axial SpA. 19 The axial criteria rely on two major components, imaging and the presence of HLA-B27. 20 The latter was adopted because of its high sensitivity and specificity, and its extensive validation for axSpA. However, the validity of the HLA-B27 component is less defined for pSpA and uSpA. In uSpA with peripheral involvement, for instance, about 60% of patients are negative for HLA-B27. 21 However, previous studies in patients with SpA have reported an association with HLA-B15 in Europe (Belgium), 22 North Africa (Tunisia) 23 and Latin America (Mexico), 24 where the most common presentations of SpA were related to IBD, ReA and uSpA. In particular, peripheral involvement was nearly ubiquitous in these cohorts. This would suggest that the HLA-B15 allele may play an important role in the susceptibility to peripheral SpA. 25 The objective of this study was to evaluate the impact of HLA-B15 and HLA-B27 alleles on the susceptibility and clinical characteristics of the disease (considered according to either ESSG or ASAS criteria) in a Colombian population with SpA.
PATIENTS AND METHODS
Participants and clinical assessment of patients A group of 178 patients with a diagnosis of SpA according to the ESSG criteria were studied. These patients were seen in the Central Military Hospital in Bogota, Colombia, between January 2005 and December 2011. All patients were evaluated by a rheumatologist in the outpatient care department, with subsequent HLA genotyping. Demographic and clinical data, including disease activity (graded through the Bath Ankylosing Spondylitis Disease Activity Index, BASDAI 26 as well as the global disease activity assessed by the physician, that is, the visual analog scale of the physician's global assessment of disease activity, abbreviated as VAS physician, 27 the VAS global disease activity assessed by patients, abbreviated as VAS patient, 27 and the VAS of Inflammatory Back Pain, abbreviated as VAS IBP, 27 functional capacity (graded through the Bath Ankylosing Spondylitis Functional Index, BASFI), 28 inflammatory back pain, enthesitis and joints affected, were recorded. Recommendations for follow-up were according to the previously validated ASAS guidelines. 27 Each enthesis was evaluated using the Mander's enthesis index. 29 For each patient, laboratory examinations that included the erythrocyte sedimentation rate were taken.
The control group consisted of 100 healthy subjects on the list of transplant donors at the Central Military Hospital in Bogota, Colombia. These participants had the same sociodemographic characteristics as our SpA population. Cases and controls were compared for the Hardy-Weinberg equilibrium, as tested with the Arlequin statistical software V.3.5. 30 Allele frequency among the patient population was calculated using Genepop software. 31 
Ethics approval
The study followed the norms established by the Helsinki Declaration, The Guidelines for Good Clinical Practice and Resolution 8430 (1993) of the Colombian Ministry for Social Protection. Moreover, it was reviewed and approved by the Ethics Committees of the University of La Sabana, Los Andes University and the Central Military Hospital. Each patient signed an informed consent form and confidentiality was strictly maintained.
Imaging
A plain anterior pelvic X-ray was taken along with MRI of the sacroiliac joints with T1 sequence and fat suppression technique for each patient. This was then read by a radiologist with musculoskeletal expertise who was blinded to the clinical picture. An interpretation of the X-rays was made following the recommendations for population studies in the Atlas of Standard Radiographs, 32 and the MRI was evaluated looking for acute and chronic changes in the joints. 33 
HLA genotyping
Genomic DNA was extracted from peripheral blood leucocytes using a Wizard genomic DNA purification Kit (Promega, Cat # A1120). After extraction, samples were adjusted to a DNA concentration ranging 80-200 ng/μL and stored at −80°C until processing of HLA. Typing was carried out by PCR on the genomic DNA using a HLA sequence-specific primer (SSP) HLA-ABDR-SSPtray Kit (BioRad, Cat # 826 230), which was focused on determining the HLA-A, HLA-B and DRB1 alleles. PCR products were verified by electrophoresis in a 2% agarose gel, and bands were visualised by ultraviolet light photo documentation and further analysed using HLA-SSP Typing V. 1.2.0.0 software (BioRad).
Statistical analyses
Data are expressed as mean±SD (except where otherwise indicated). For statistical analysis we used SPSS V. 19 .0 (SPSS Inc). For the presentation and analysis of categorical variables, frequency distribution, percentages and contingency tables were used. Comparisons were made using the χ 2 and Fisher exact tests. For numerical values, central tendency and dispersion measurements were evaluated. Results were analysed using Student t and Wilcoxon tests. Two-tailed p values <0.05 were considered statistically significant. The association between disease and HLA alleles was determined by OR and CIs of 95% (OR: 95% CI).
RESULTS

Genotype and demographic data
Only HLA-B27 and HLA-B15 of all the analysed HLA-A, HLA-B and HLA-DRB1 alleles were found to be significantly associated with SpA. As shown in table 1, our 178 patients with SpA (included in the study because they met the ESSG criteria) could therefore be divided into three groups according to their HLA-B genotype: 34 patients (19.1%) had HLA-B15, 70 (39.3%) showed HLA-B27 and 74 (41.6%) had other HLA-B alleles. Patients with HLA-B15 and HLA-B27 had an earlier age of disease onset than patients with other HLA-B alleles. However, the earlier age was only significant considering the patients with HLA-B27 ( p=0.008). A male predominance (with a male/female ratio of 3.7/1) was documented in the group of 70 patients positive for HLA-B27, whereas females were slightly predominating (male/female ratio: 0.8/1) in the group of 34 patients positive for HLA-B15. In this regard, however, the statistical difference between these two groups (ie, patients with HLA-B27 and HLA-B15) was highly significant (table 1) . When ASAS classification criteria 17 18 were applied to classify 178 patients previously diagnosed according to the ESSG criteria, 152 patients fulfilled the ASAS criteria for axSpA while 26 did not, and 161 patients met the ASAS criteria for pSpA while 17 did not. Most of the patients meeting the ASAS criteria for axSpA and/or pSpA manifested a combined ax/p patterns, though the total number of these patients slightly fluctuated. This fluctuation was dependent on the application to our patients of either the axial or peripheral criteria (table 1), these two sets of ASAS criteria being simultaneously met in 137 patients. Moreover, 12 patients had isolated axSpA and 13 showed isolated pSpA (table 1) . Noticeably, 100% of the 70 patients positive for HLA-B27 included in the study exhibited axial manifestations of the disease (mainly back pain) and 100% of the 34 patients positive for HLA-B15 had peripheral manifestations of SpA (mainly join arthritis). Among the 12 patients with isolated axSpA, 10 (83%) were positive for HLA-B27, and among the 13 patients with isolated pSpA, 4 (31%) were positive for HLA-B15. Moreover, HLA-B27 was absent in all 13 patients with pSpA (table 1), though this allele did occur in 7% of the 100 healthy control subjects (not shown). Finally, while two healthy controls (2%) were positive for HLAB-15, none of the 12 axSpA were positive for this allele. Further demographic data and clinical presentation related to either ESSG or ASAS criteria and to HLA-B27, HLA-B15 and other B alleles are also shown in table 1.
Association of HLA-B15 and HLA-B27 alleles to clinical SpA subsets When patients with SpA were analysed as a whole, we found a statistical association of the disease with both HLA-B15 and HAL-B27 (table 2) . However, when the clinical subsets were considered, HLA-B15 was found to be mainly associated with uSpA and pSpA forms, whereas HLA-B27 was mainly associated with AS (table 2).
The relationships of HLA-B27 and HLA-B15 with clinical forms of presentation according to either the ESSG criteria or the ASAS criteria are further summarised in figure 1. This figure graphically illustrates our findings that none of the patients with isolated axial SpA are HLA-B15 positive and that HLA-B27 does not occur in patients with only peripheral SpA. These findings appear to strengthen the notion that ASAS criteria might have allowed a better correlation between the clinical presentation of SpA and the HLA-B genotype than the ESSG criteria did.
HLA-B15 and HLA-B27 alleles and disease characteristics
The most relevant clinical features and radiological findings in relation to HLA alleles are shown in figure 2 . Remarkably, patients with HLA-B15 had more swollen joints (5.3±5.1 vs 2.3±1.8, p=0.004), and total count of painful enthesitis (6.0±4.5 vs 4.3±3.3, p=0.014) and peripheral painful enthesitis (3.4±2.9 vs 2.3±2.2, p=0.050), while patients positive for HLA-B27 had more frequent sacroiliitis of grade ≥2 (74.7% vs 56.3%, p=0.043) and enthesitis in the sacroiliac region (64.4% vs 36%, p=0.001).
HLA-B15 and HLA-B27 alleles and disease activity When disease activity was taken into account, we found that patients positive for HLA-B15 had a higher rate in the BASDAI index, BASFI index and global disease activity assessed by physician (VAS physician) compared to patients positive for HLA-B27 (figure 3). However, patients positive for HLA-B27 had a higher rate in inflammatory back pain and global disease activity assessed by patient (VAS patient) than patients positive for HLA-B15 (figure 3). Finally, it is noteworthy to mention that patients positive for HLA-B27 exhibited a higher erythrocyte sedimentation rate than patients positive for HLA-B15 did (25.7±24.4 mm/h vs 16.5±9.8, respectively).
DISCUSSION
In this study, we found that, in addition to the strong association of SpA with HLA-B27, SpA can be associated with another HLA-B allele, that is, with HLA-B15. Noticeably, the prevalence of HLA-B15 was particularly increased in patients with SpA with peripheral involvement. Moreover, while patients with HLA-B27 were more likely to be male and to show axial compromise associated with AS, HLA-B15 positive patients had a lower proportion of men and a more frequent uSpA clinical manifestation.
Patients with either HLA-B15 or HLA-B27 had similar ages of disease onset and comparable duration of the disease. From a clinical point of view, patients with HLA-B15 had an increased number of peripheral joints affected than patients with HLA-B27, while no differences in spinal mobility were observed between these two groups of patients. Radiographically, patients with HLA-B27 showed more severe sacroiliitis in pelvic X-rays and greater acute damage in MRI than patients positive for HLA-B15 did.
Male gender, axial involvement, early age of disease onset (<20 years), and the presence of HLA-B27 are all known to be associated with a bad prognosis. 34 In our study, patients with HLA-B15 (consisting of slightly fewer males than females) exhibited a less severe disease phenotype and more peripheral symptoms as compared with patients positive for HLA-B27. Concerning the disease activity in our patients, however, both BASDAI and BASFI scores were higher (worse) in HLA-B15 positive patients than in those with HLA-B27. This may be related to important functional impairment and higher inflammatory disease activity in a greater number of lower extremity joints, and enthesitis in the HLA-B15 group. 35 36 However, the acute phase reactants were particularly increased in the patients positive for HLA-B27.
HLA-B27 has been known for over 40 years as a predisposing factor for SpA, specifically for AS. 37 In Caucasians with SpA, 80-85% of patients are HLA-B27 positive. Overall, however, <5% of Caucasian individuals with this allele go on to develop the disease. 38 This suggests that, even though HLA-B27 appears to play a major role in the development of the disease, it is not enough to completely explain the disease susceptibility. In fact, in populations other than Caucasian, HLA-B27 may be less prevalent. Thus, in the Mestizo population, which has arisen from a mix of pre-Columbian indigenous individuals with Spanish Caucasians and African-Americans, HLA-B27 has been reported in between 40% and 60% of patients with SpA. 39 40 This is further confirmed in our present study population, in which 70 of 178 patients with SpA (39.3%) were positive for HLA-B27.
In people of Anglo-Saxon descent, AS is the most common subtype of SpA, while uSpA is the predominant subtype in the Latin American Mestizo population. 40 This variation could be due to associations of the disease with different HLA genes in addition to HLA-B27. 41 The new criteria recently proposed by ASAS to classify SpA allow for grouping of patients according to severity, onset and axial or peripheral pattern of the disease. It is remarkable that in our study, 100% of the patients positive for HLA-B15 met with the ASAS peripheral criteria and 100% of the HLA-B27 positives fulfilled the ASAS axial criteria.
There had been previous reports partially considering the HLA-B15 allele in relation to SpA. Thus, a study in a Mexican population, in addition to showing a strong association of HLA-B27 with SpA, also suggested that prevalence of HLA-B15 was increased in the whole SpA cohort. 24 In fact, HLA-B15 was modestly increased in uSpA but not in patients with AS, whereas HLA-B27 showed a greater association with AS than with uSpA. 24 Likewise, a prospective study in Belgium examined patients with different subtypes of SpA, and found that HLA-B15 was more frequent in those patients with uSpA (16/51, 32%) as well as in those with a clinical remission of symptoms. 42 HLA-B27, however, was more prevalent in those patients with AS and in those with sustained disease activity. Also, in Tunisia, HLA-B15 was associated with uSpA as well as with ReA. In fact, this allele was found in up to 50% of patients with uSpA. As this observation is very similar to previous studies carried out in Latin America, Europe and Africa, it was suggested that it could be the result of population migrations. 43 The aforementioned data indicate that HLA-B15 is found in various different ethnic groups, crossing geographical barriers, and altogether these data further support the notion that HLA-B15 plays a role in SpA pathogenesis. 44 Inflammatory diseases other than SpA have also been associated with HLA-B15. A meta-analysis in a Caucasian population with acute periodontitis showed a strong association with this allele. 45 Moreover, there seems to be a relationship between periodontal disease and the onset of inflammatory diseases such as rheumatoid arthritis, which suggests that HLA-B15 may be related to acute and chronic diseases with local bone involvement. 45 Furthermore, HLA-B15 was found to be associated with Behçet's disease in a Moroccan population, where females were the dominant affected population. 46 HLA-B15 is an MHC class I molecule encoded by multiple polymorphic alleles leading to at least 7 serological subtypes. 44 Variants have been described-with either tyrosine or serine at position 116-that greatly diverge in their interaction (either strong or weak, respectively) with other proteins in the endoplasmic reticulum for antigen presentation at the cell surface. 47 Accordingly, it might be expected that genetic diversity can contribute to increased or decreased predisposition to autoimmune diseases. In the case of HLA-B15, recent studies have demonstrated that this molecule, as well as HLA-B14, HLA-B38, HLA-B39 and HLA-B73, all have an unpaired free cysteine (at position 67) in the B pocket of the α-heavy chain, which is very similar to HLA-B27. This may allow for the formation of homodimers that could activate the innate immune response to produce cytokines implicated in chronic inflammation in the pathogenesis of SpA. 48 Recently, a high-density genotyping study was carried out to identify multiple risk variants for AS. 15 In addition to confirming the previously reported strong association of the disease with SNPs at the gene for the endoplasmic reticulum aminopeptidase 1 (ERAP1), which was restricted to AS patients positive for HLA-B27, this study found a significant association of AS with another member of the endoplasmic reticulum aminopeptidase family, ERAP2, which prevailed in patients with AS negative for the HLA-B27 allele. 15 Future highdensity genotyping studies might uncover whether some (or most) of these-patients negative for HLA-B27 are positive for the HLA-B15 allele. While ERAP1 seems to play a critical role in determining the length and sequence of the peptides bound and presented by HLA-B27 associated with AS, 49 it might be desirable to hypothesise that ERAP2 may play a parallel role in the context of HLA-B15.
CONCLUSIONS
Our study with a Mestizo cohort indicates that HLA-B15 is associated with the peripheral manifestation of SpA independently of sex or age, with a notable involvement of joints and enthesitis, and with minor axial compromise. HLA-B15 may therefore become an important tool and marker for the disease in our population, particularly in those patients with peripheral SpA without HLA-B27.
